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IMs a|jpIicatiO0 Is ^ ^nitoauon in past of U;S:S 09/2S9 filed mi April 9, 1999 
priority to ^ SW on My 21, 1999 and 

U.SvS.R 60/1 47,989 jfijtei on August I0 t 1 999, the Entire coo^sits of wMch are worporated 
lieteisi by i^fference, 

TegMio&l Field 

The mvenrioa mlwm generally m ma^ufactiiriog of semiconductor devices and more 
pardctikrly the protection during inmuSi^ure of organic kyexs in orgame materi#based 
electronic devices. 
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Bff£kgyQiand ofthe Invention 





j use of solvent- 
to lower teibtevor la^ge area Splays, Thiers ^ 

& such as: rolled dl$pfa^; affbrd^k large area displays; 
t as a paper substitute. Os&mimt^^ 
tn&teri&is wll J t^&ally organic layers or sr jppner ; 

attack cm lead to dmnage of an organic layer or its interface with other 1 
intemibcing of layers, 

1b p&rd€tdar> tfa& iater&ce between m iyt^m MmkmiM^mr md a gate dielectric is 
critical to tEe perfbTOan^ of a organic-based tbln-fitm tmml^or (^OTFF*). Solventmed to 
pattern the semfcoftd&sior can damage m or game dieMtric, while deposition of an organic 
dMectric ess entail tise b£ -a ^Ivent that damages motg&rnc semiconductor. FMhcr v standard 
cleaximg sol vents, for example aegtom and isopropanol, can af&ct organic in^faoes. Attempts 
to me materials that are solvent tolerant greatly reduces the dioke of materials avaO&feie for 
iorm^ioiaof QTFTk 



What are needed arc relatively simple, tow cost 
sokent^aused damap to organic layers to telp realize the 
MfctrEtes, 



that reduce 
ages of QTFTs on polymer 




The pz&m& immtkm ptomim a method to 
sojv^Km^d damage. In one mih®iBxwm, use o: 
IdntMldTs of dielectric layers. In another ei^bodimentv a 




inOTFTs torn 
solvents & avoided In the 
an i 



Rather than use of soiv^nt^ba^ed coMpoimds for de^ 
$ei8 {conductors, a first sltensative provides for use of teastive laysrs for formation of a dielectric 
layer, A reactive layer can fee deposited directly onto an organic seTBiconductor or can be 
deposited onto> Jor example, a gate electrode followed fey deposition, of the organic 
10 serniO0nductor onto the reacti ve layer. Chemical reaction of tile reactive material with the 

semiconductor then leads to ffennation of the dielectric layer, A gate dielectne can be produced 
ih this manner, without use of solvents that eouid d&mage the organic $einkt>ndncte>r. 

The organle minim ijdmtor can he ^ub^eetM m vmiom types of reaciiotm fbrexampfe 
OKidmiig, reducing, or i$omen2m|. imy condt)^ 
15 seMieonductor can he sul^ckmly mmimted in a portion M material neighboring the location of 
Hie reaaive material to eaiise formation of insuiaing material. 

In an alternative enrhodln itm m eieetroehetiy cal cell is used to form a dielectric lay^r at 
an organic Mmkonduet&r and gate electrode mterfece, Application of a voltage he^ett the 
organic seniicondnctor and the gate electrode causes a reaction between the orpme 
20 semiconductor arid gate electrode material adjacent to the intertace m& thrmMsn -pt & diei^M^ 
layer at the iBter^ee, 

In another alterative embochmeht, radiation is employed m cause ih^fhvrm^m of a 
dielectric layer on an orp^ic semicondnctdr. Via eleetroixiagjietic Irradtaiioti preferably 
idtravlolet radiaxion, or electron beam irradiation; for example, a |mrdon of the surface region of 
25 the organic setriieondnctor can be convened to 1»daiing material With use of m efeetar 

beam, selected ^ a 
patterned dielectric layer. With use of Masks and ultravldfe radiation illumtnauon, a similarly 
patterned dielectric layer can be formed. 

In alternative embodiments, other organic layers can shnilariy he treated to form 
30 dielectric layers, for example to passivate or protect layers in &e TFT. In a further alternative, 
an organic conductor gate electrode is reacted witix a reactive layer to Ikmxi a dielectric layer. 



In one embodtent, a method of maBiifacttinng a semtcoiKlu^Of device comprises the 
steps of: a) pBiaiixig m orgame ^kaii^tictar layer; b) depo^itktg a reactive species on a 
portion af the organic semicaridwetor laysr; and e) reaetmg the reactive specks wkh the portion 

5 In another embodiment, a method m mm nfecturing a semiconductor device comprises 

the steps of : ^providing an organic semiconductor layer; and b) exposing a surface of the 
organic semie«diietor layer to a radiaiion to form a dielectric layer. 

Ixi bother em^odS^entt a method of steps of: a) 

providing aft organic ^emieoBdtietor layer adjacent a gate electrode; b) providing an 
I'd eieeiroehenrieaf^^^ an d e) 

applying a voltage to the gate «tectrode t<) .cause an electrochemical reaction to form a gate 
dielectno between the gate electrode and the organic semieeB(hictor layer . 

In. at> al tem^d ve ^mfeodim^rit, m org&nfc $mrnmim tor layer can be protected from 
solvents employed M dfeleetne layer fbmiaiion by use of a barrier layer. Bmxier layers can 
is provide more general protection. During the maniifactyie of an organic film-based TFT, various 
interfaces are vulnerable to solvents, for example, solvents ix* the i nks that are employed in the 
use of printing processes, 

Vtd&embte iMeriaees are those that iovoive aa organic layer, such as those found at a 
polymer suhstraie, an organic conductor gate electrode, an .organic dielectrie layer, an organic 
•20 semkonductor, an org anic conductor drain or source electrode, and art organic semiconductor, 
Solve^r^ 

In one embodiment, a method of protecting organi e layers mm el e e&onic device* 
comptise^ the prodding a barrier layer adjaeent io 

the first organic layer, wherein the harrier l#er is resistaiit to a solvent; and e) providing a 
25 soteon or a dispersion comprising the solvent and a 1 ayer-lbn&mg material adjacent to the first 



A barrier layer is gently chosen for its resistance to a particular solvit. A typical 
ffiiekne§$ for a fearrior layer is I S^Qam or afeout one tenth the thickness of the organic lay^r that 
the barrier is intended to protect fern the solvent Though organic or inorganic materials can he 
m employed, batxferwteri 

desirable for prodnctiort of tew m$t< simple to marmfaett^re TFts, Such IFfs 

utility for use In arrays to address a display medinrp in an electrophoretic display device. 
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Depending on the sMwe of tte layer to bt protected, the barrier layer' can be a cwducto^ 
M Insulator, or a semieortdiicMr. 
Brj^f Be sorMoii of the Drawings 

The myefttian> in accordance with preferred and mernpla^ 

tsken in eonftmetion with the accompanying drawings, 

la the drawings s Wm t sffere$ec ehamctm generally refer to the same parts tftrotjghotit fee 
dififeent : \dew^ Also, tiie drawings are not n^ces^nly p scale, emphasis Instead generally 

Eignre ia shows a cross-sectional view of m embodimenl of eiiectroitfe device at an 
mtmmMam stage of fetMeation, 

Figure lb shows a cross-seetioMlview of an etectronle device thatc^n^spprid$ to the 
^mboditmnt of Figarc 1% at a later stage of febricMon, 

Figure 2a shows a eross-aeetioMl view of an embodiment of an electronic device at an 
intermediate stap of iabricationv 

Figure 2b shows a cross^sectionai vtew of an electronic device that corresponds iq the 
embodiment of Figure 2a, at a later stage of fefencstiom 

Figure 3 shows a oross^ectional view of an embodiment of a tratisbw. 

Figure 4a stews a cross-seetioftai view of an embodiment of an electronic device at an 
mtertnediate stage of f^rieatito^, 

FtgiOT 4ft eJeotronSc device that corresponds to the 

emhodimmt of Figtrre 4a t m a later sutge of fabrication 

Figure la shows a eross-see&srf at an 



Figure 5b shows a eross-seeoonai view of m electrons device fet eorrespoitds to the 
embodiment of Figure 5a ? at a later stage of fahrieato. 

Figure lia shows a cross-s:ectioital view of an embodiment of an electronic device at mi 
Mmm&m^ stag$ of febricalion, 

Figure Sbte electronie de vice that corresponds to the 



Figure 7 stews a cross^eetiqnai view of an embodSm^nt of a j 
that ai€ vulnerabie to solvents. 



show$ 



Figure § is a cross-sectioMl view of a portion of m electronic device 5b ihe regioix of a 
5 barrier lftjper>- 

Figure 9 is a cross-sectionals electrophore^ 

Figure ? 8a is a eurfem*voltag« plot for a sample transistor formed without a barrier feye* 
rto the emMimeht of Figure 9, 

Wh tea airre&i*volta^ eorrsspoiid^ id the 

m embodiment of Figure 9, iiicluding & barrier layer. 

Detailed Description of the foyefaUon - 

The fov^ifc^ of displays that utilize arrays of organic 

semicondiiclor based trMsi^ors, The invention is of particular use in the production of displays 
with an ele^tropfeoretic display mediuin md litigates the problem of solvent Ma^k of org^ii- 
1 5 layers during m^iufscture . Fo motion of dielectric layers will first fee desenb<*& felio wed by a 




L Method of forming, didlectric lay ers in m ^nm mmmuMucim' devkes 

With reference to Fi g> 1 a, a& embodhneM k M&^m which organic seiideond t*cior 
layer 1.1$ i$^d^b$it^d^:- i^>ltp%v^<l by deposition of a reactive specie I W> 7li$ m&$ii\*& ^ species 
20 1 20 can he deposited tini fermly, or patterned onto desired areas of the organic semiconductor. 
The reactive species 120 is selected fern a variety of materials that are reactive witfc the orgasils 
semieowdy^tor, The seteted material will depend cm the type of defied ration, &r example, 
red^tJoo, oxidation, or bomerizatio^, 

With reference to Fig. 1 R after reaction of the reactive species 1 20 with the orgaaie 
25 semiconducMr ;!10,&#^ 
species 120, 

Witli reference to Figores 2a aM 2b, md in greater detail, m embo^kmm of formatioii of 
^ feottom gate capacitor structure k sfeo^ fiiMremhodte A 
gate electrode 240 Is then termed on substrate 250. A reactive species 229 is deported oii 
|0 the gate electrode, followed by rtepo^tiofi of an organk semkosidtietor 2 W on the re&ct&e 



ries 220, it should fee understood titat die reactive gp^ies 220 may be toiight into contact 
wife the organic semicomiuctot 210 by a wfely of means* for esampfov deposition of a 
suspension or mk£m or imwmtim or ppsviousiy ma&u&ctured components. 

Afteraction of the organic ssmispi^ 
5 4ipU&tftC :$$^$(jlt!a^ at the Interface between the organic semiconductor 21 0 arid fee 
reactive species 220. In the embodiment of Fig, 26, the dieiectrie layer 230 serves as a gate 
dielectric for a caimoitor. 

With reference to Figure 3 > an embodiment of a transistor 306ibnned tough use of the 
above described method is shown. The transi^toi 30Q comprises: a sifctrate 350; a gate 
M eleet^ 

3 40 »d fonned fey prior reaction of a reactive layer with a portion of an organic semi^oiidticior 
310; a source electrode M0 In electrical contact with the Organic semiconductor 3 1 0; aftd g drain 
electrode 370 hi contact with the organic semicondtie tor 3.1 0. 

With reference to Figures 4 a and 4b, m alternative metl^d for of diekctrk 

1 3 layers on organic semiconductors is depicted. In the emfeadinieat of Fig. 4s. m organic 

semiconductor 4 1 6 and a radiation so » 480 are provided , During trsaaufacture, portions of the 
organic semieondiic$Or 410 arc exposed to radiation 485 from the radiation source 480, The 
exposed po rtions of the orpmc semiconductor 4 19 ^re convened to a dieieclric %er 430, 
Various fmm of radiation 4SS can be employ ed for formation of dielectric layers 430, for 
20 example election beam or eiectromagBetic radiation^ Ltteavfoiet electromagnetic radiation is a 
preferred form of radiation. 

With refcrence to Figures J5a mi 5b, an embodiment of #Dther ajtem for 
formation of diekctric Figure Sa shows an 

afiteltoent of an eterrochenikal eeli 500 comprising^ 110; a gate 

25 electrode 540 in contact with the organic sernlcoMi^tor 540; and electrical leads 595 for 
applying voltages in the cell 5®Ch Ift response to application of a^ 

ceil 500, current Hows tretweeftd^ and a 

portion of the Organic semi^idnclor 510 is eoiwened to a dielectric ia^er 530. 

With reference to Mgores 6a and 6k two alternative embodiments of top-gate transistors 
30 that can he manufactured through use of the above described methods are sh« In the 
embodiment diom a gats electrode 640, and a drain 
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electrode 670 are supported by m organic semicpndiKtdr € 1 & A gate oxide layer 630 has been 
formed by oM of the ahoyr dielectric layer, In the emhodimmi 

of Figure 6b* the «ce electrode 660* m& the drain electrode 678" are first placed fe contact 
with a substrate #S0, The organic semjcond^tor 6 1 0" Is the& deposited mm the electrodes 660* 
5 and 670* and the substrate 650, Lastly, the gate electrode 640" is supported fey the organic 
semicoMiictor 610' and te a gate osxide 630* at the mterfeee with tlie organic semiconductor 
610 * wkre the gate Fide lias &gaia been formed fey one of the above described meSods. 

Various alternatives lie within the gensm! principles of the akove described methods. 
For e&swp to, a portion of a gate electmde caa b« converted to a dielectric layer ratMr than 
m mmmmm of a portion of an organic semiconductor. For example, 4 gate electrode can be 
formed fmm an organic condixctor and a portion of the organic eqBdmsor can be converted i6 a 
dielectric layer. 

Various alternatives for top or bottom gate iransistors cm advah&tgeously employ the 
above described maiiulaoturin g methods. For example* a bottom gate transistor can be 

15 manufactured by deposhing a reactive m^erialover a gate electrode arid substrate, followed by 
deposition or lamination with an organic semieondi^toT. Reaction o f the reacti ve materia! with 
the organic semiconductor will then yield a dielectric layer feat lies at the interface of both the 
substrate with the organic semiconductor ami at the Interface of the gate electrode with the 
semiconductor layer. Alternatively, the reactive material can be deposited solely on the gate 

2tt electrode A variety of methods fer fi Im depo$itioh and patterning, as found in !he prior art, &m 
be employed iaman\ifeet\irmg of the trahsistbrs. Conductive polymers such as poiyaniime, 
polypyrrole and PED 0T can be used as gate electrode, mid parts of films of these materi als can 
be courted into dielectrics upon exposure to U¥ or E~heam radiation. 

The above described methods are of pameular n$e te the fonnaiioii of electrophoretic 
25 di$pfep> Fttrther details cor^eming methods and materials toolved in the man^fecture of 
eleclrdplibretic displays are given m later sections of ilm ^omipum. 

With reference to Figure % various vulnerable interfeces in an embodiment of an 
organic-based thin film transistor fOIFP) 768 are shown. The OTFT 700 comprises: a 
30 polymer substrate 750: a gate eiectmde 740 in contact with the substrate 750; a dfeiectae laj^r 
deposited ow the gate electrode 740 and the substrate 73 0; drain 760 and source 770 electrodes 
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$i^p$r^ supported by the 

dlafectHc 73D ^ 760 and 770, ByriBg tte 

maait&GMreofthe ©TFT 700, v^ot*si^ ^ex^pfo, 
Mwnts m tfes inks that are employed j& the m§ of printing process, 
s 4s Indicated in figure 7, vulnerable interface are those that Involve ail organic layer, 

such as those found at tfe substrate 750 and gate el^trode ta^tfaoe^ tb£ dietetris layer 730 
aM organic s^McoMnctor 7 1 0 interface* the dMn eicetrode 760 and orgaafc semiconductor 710 
toeriacs* and the sotmse electrode 770 and srg^nc semiconductor 719 interface, 

fa a preferred embodiment, the substrate 7SG is ft polymer arid all materials 710, 730, 
10 740, 760* and 770 are deposit via printing techniques, Among other advantages, this provides 
for a rdativeiy low cost display device. Other sof^^ 
coating, mn similarly be employe*! to achieve lower display cost. 

With reference to Fig^ fbrtnation of a 

protective harrier Slayer thereon. After providing a first layer 8 10, for example m organic layer, a 
15 harrier layer 890 is formed on the first layer 81 ft An ink or other so! vent containing material is 
[ on the harrier iayer SMtd iorm a seeond layer 820. The barrier layer 890 is 
i for its resistance to the solvent in Me, A typical thickness lor the harrier 
layer h ! 0-SOnm. A smtabi e dnekness k also about one tenth the thickness of the organic 
layer 810. 

20 Depending on the natiim; of t!i&. iaysra 8 I2<), vthe barter l^r c&s be a conductor, 

anihSBiator, or a semiconductor. For example* with reference to Figure 7 ? a conductor harrier 
lay§r would fee used at the interlay 

semi^onchictor 7 1 0 to maintain electrical contact at this Interface, Generally, such a conductive 
barrier layer wonid be palterned so as not to be eontitnsons between tlfe souree electrode 760 and 

25 the diain electrode 770 and so cause tinfeimbk e xmmt leakage. 

Alternatively, a taction of a barrier layer B90 placed between an organic semi«Aietor 
an$a dielectric layw can brpt^motio*vW fee organic 

semiconductor, Such domains can comprise, lor example, large c^siatiin« domamsv or domain 
m mhieh fee orientation of the organic coxyugated backbone has a preferred orientation or 

30 direction. 

With reference to Figure % an exatnpie embodiment of an ekctropbor^tic display device 
908 Is shown, The device 900 comprises: a substrate 9S& for example a silicon wafer; a gate 
electrode 940, lor example, heavily doped silicon; a dielectric layer 93S > for exanipie, si iioon 
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dioxide; source 9&0 and dram §70 electrodes, for example gold; org^me semte0Muctor 9 10^ 
fer ^a^te polyCalky pentaeene, ajpfea-se^itlilopteie, or copper phthaioeyanine 

C*CaPe J ^ a barrier layer 990; m efec%pl)0retie display medium assembly 904; and a lamination 
Mhesive $02 y for e&atnpte a water-based poiyiifetharie emufeicm* where the iaMnation adhesive 
5 is to atlaeh the display medium assembly 004 to the organic seMcondxietar 9 1 0 and other 
pardons of the OTFE 

I# the embodiment of Figuse 9 , an array of OTP Ts are Srst separately manufactured from 
the manufacture of the eieetroplioretic display medium assembly 904, The display medium, 
assembly 904 is comprised, lor example, of an encapsulated efeetrophoretie display medium 

10 g^ntef onto a Indium tin o&ide ( 4 WD") coated gfass plate . Th$ OTFT &ray is then boMesi in 
tins emb^dirneiit, to the display medium assembly 904 with the lamination adhesive 9(32, 

A preferred material for Ionization of the barrier layer 990 M the embodiment of Figisre 9 
is Du Pont 503 6 Beat 8eai/Ene&p su ]Mt (Du Pont Ph^topoS ymer & Electronics Materials, Bailey 
Mill Pte F) 0-23 29, Wilmington, M 19880-0010). Wi&outuse of the barrier layer 990, 

15 solvent m tte lammatfen adteive 902 enters the organic semiconductor 018 and destxoys the 
electrical behavior of the OTiFT. 

With reisresice to Figures lO&and K)b,the electrical behavior of a DTFT incorporated m 
a workmg sample cotresponding ioM\& m^xMmmi of Figure 9 is shown. Kgnres 6k and <ib 
■each sbow sk i-V curves fbra OTFt witb a GuPc organic semiconductor 9 10; The QTFT of 

20 Figure 6a was femted wilfeoni a barri wm fermed with 

a DtiFont 5036 teier layer 990. 

The six W earns m Figure ©a correspond to gate voltages of ID, Q ? 40, -20, -30, and - 
40 wits, The proper has been destroyed by solvent from the taination 

adhesive 902. the $k !*¥ eurv^ in Figure '6% tee of which overlap m the Bgwe, also 

25 cdrre$po«d to fate voltages of 1 0, 0 V ~ J Q r ^29 v and -40 wfe lie OfFT j^rfbrths properly 
^here k was formed with a baxrier layer 990 that prevented solvent from a&addug the organic 
semiconductor 910. 

The harrier layer can eomprise inorgarne or organic materials. These alternatives are 
diseased in detail m the feilo^ing. 
30 Inorganic Barrier Materials - Insiganie materials s^eh as iHea, aimnina, and silicon 

iHtride have excellent resistance to ahtiest ail organic solvents. Such harder layers §96 carrbe 
deposited by various means, fer exampie, spm-costing, chemkai vapor deposition, ion-raiUiag, 
md sputteiMg, $pm-co^ing, m partieular, is tow<o$t mi suitable for large deposition, 
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Spin-on glass, for example, can also be cured at roorh temperanire. Spin-on glass, 
however, has To protect an organic l&y&f 'Where 

high qiplityrf dielectric layer* a higlxer 

quality barrier layer must be employed^ 

S Organic B arrier Materials - A preferred emfedimeM rtiakes use of a compatible spin-to 

pjiymerk barrier layer .890 v 'FMs permits relation of m a! Sprinted display mMafa^tUrtn| 
process. For example, |f- tlis first layer 816 is polystyrene and a solvent carrier used in deposition 
of the see&nd layer 820 is toluene* tte $oivent w^uid readily damage the polystyrene without use 
of the barrier layer 894 Ear :examptei & ^ater soluble pMyvin^^^^ 

io form- a suitable barrier i^er $90, This provides & high quality barrier layer 899 that is not 
dissolved by toluene. 
Other exan^ 

species. These easi :d^site<^-iW-^ampIfe t via easting with a Mvent carrier or deposited as a 
reactive materia! followed by a cure u&der hear or radiation to complete formation of tbe barrier 

IS layer 890 . Qtner&lly ? any solvent involved in the deposition of the harrier layer $90 should not 
be a solvent for the material in die first layer §10, 

©rganie layers^ for an exaiBpfe aitM layer 8 1 0 that is an organic layer, can be deposed 
fey^ fore&a^ Further a thin organic 

barrier layer 890 cm be deposi ted fom a gas phase, for example v by deposition of a gas phase 

20 monomer dwisgb a mask onto the first layer S S Q; The deposited material cm then be 

polymerized to complete fcmatiori of the thin organic barrier layer § For example, perylene 
cars he employed for a barrier layer 8§(t Other possible barrier layer 890 materials inelnde 
|K>iy(me&)acryiaies or j 



25 Ml Of the above methods can be adv^tageonsSy employed in die formation of Arrays of 

polymer-based thin-Sim transistors in the mannfteture of eleetrophoretie dfepiap> Such 
displays can take advantage of low cost deposition, steps, such as priming of inks, and ean he 
very Bexibte, m part thongh use of flexihle, polymer substmtes. Farther deseriptft'e detail 

30 in the MIowfeg, 

In a preferred embodiment, an encapalai^l ^kfetrop.h6r^tio: display ^^bfy is 
mantjfactwed With use of printing or coating steps on a wide variety of flexible substrates, :M 



osed herein* the term * i ptmtiJ5g , ' includes ait 1mm of priming ami coating, mciud£pg f but not 
limited to 5 pre^metered coatings s*ieh as patch die eo&i mg, slot or eKtmsion coating, slide or 
cascade coating* ^d custain coating: wll coating mck m knife mm voll coating, forward and 
reverse roll coating* gravt&e edating, dip coating, spray coaling, nienlsc^ coattog, spin coating, 
$ brush coating air knife coating, silk serein printing processes* electrostatic prixttmg processes* 
thennaS pinting processes, and other similar techmqites. Thus, the resul ting dispiay can fee 
fk^ibfe Biitte because tte display medium can be printed {using a variety of methods), the 
display }t$df can fee made lnexpeh$i^%. 

Further, printing methods can foe used to fem tfee eiectrfeaj connections and other 
u> conductive portionrof a display. A re^ coM^otor f 'rear 1 ' referring to a side o£ a display that m 
opposite to that viewed by a user) can fee ether opaque or transparent, 'Ms allows the use of a 
variety of p^ including graphite inks, silver inks, or eoBd^ctive polymers. 

The front conductor (^ftonf * rofewmg to a side of a di^pJay that is viewed by a nser| Msst 
tra^sp^ent^ but need not have excellent condtictivity. Even materials with relatively pom 
IS eondxicti vity* though amenable to panting, can be employed, for example conduct! ye colloidal 
suspensions and condnetive polymers such as are commonly used in antistatic applications. 

A microencapsulated eiecti^horefc^ crystal medinrn. is 

amendable to 'fcfcse with a wide number of mtrhMcaliy conductive polymer systems, including 
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mm, 

In short:, the present invention pcmiits a more 
by me of prinfeg methods for femalion 




us use of cost savings allowed 
ials in a display assembly, 



The Mowing describes in detail vario^ OTbadSnienis of materials with applications to 
the eieetrophoretie display medium, 

tV\ M aterkls fnr Use In Electro ^horetie IMspl&vs 

tfse&i materials for extracting the above-described encapsulated eleetrophoretfc 
displays are discussed in detail below, 
the art of constmcting conventional elei 
ml 





materials vvil I fee known to those skiiled m 
.c displays, or those skilled in the art of 



Theie is mncb fiexibiilty in the i 



■ for use in electrophqreiio #spiaysi as 



described above , For purposes of this invention, a particle is any cdinportent that is etapd or 



capable ofaccpiriug a charge (i, ft> b^or^ 

in same eases* this ma^iEty may be zero orclose to mm (Le. y the particles will not m$v&}> The 
particles may be neat pigment^ dyed (iafced) pigments or pginent/polymer composites, or any 
oilier componsBt that is eiharged or eapa&te of aequiriag a charge, fypka! co^ideratifms fe£ the 
5 ele^trdphorMc particle are its optical poverties, electrical properties* and surface e&enife&y. 
The particles may be organie or inorganie compon^ 
light The partfeies for use in the Inventba may ferther m 

pigments and kminesq^t particles, The particles may be r^trorefl eeti v^, such as comer cubes, 

or they may be efectrolurninesceilt, stick as zinc sulfide particle^ which emh light when excited 
18 fey an AC field, or they may be photoltimineseent Finally, the particles may fee siirfece treated 

so as to topirove' charging or itttemctiorj \vith a charging agent, or to improve dispersihililj^ 

A preferred partiele fer is Titania, The 

titania particles may be coated oxide, for 

example. The tit^Bia parities may have otie, two v 
15 example, >titaaiS p&rtidefc 

of abrninyBi oxide and a coating of silicon oxkk. The coatings may be added to the partible m 

TM electephoretic particle is usual iy a pi gutesrt a polymer, a ia&cd pigment, or some 
mMmztmn of the above. A tmt pi$mm cmWmf pigment, m± usually for a light colored 

2£ paitkl^ ,^^f^^mh..m fer example, riitik (timnisj, anat« (thania), karinm ml fee, M$ll\% 
m sine oxide are qsefei Same ty pical particles have high refMCtl ve indi cm, high scattering 
<^effieieots,Md low ahsorptiorrcoeiSeims, QtMr particles are absorptive,, such as carhoh 
Mack or sotee4 plgm^rrts nssd In paints ^nd inks, The pigment should also be insoluble M the 
suspemtteg fluid, YAm pigments such m diaryiide yellow, hmm yellow, and feetmdin yellow 

2$ have also tonu3 use m similar displays. Any other reflect jve m&Ssaal can tee employed fbr a 
11 ght colored partfole, including a<m-pigmcnt materials, such as meMitc particles. 

UmM mm pigments inc&de, lui are not limited to, PhCrO^ Cyan Mue (FT 55-3295 
(Ametkaa G^^^ Cibacron Black B0 {Ciha Company fee* 

Newport, BE) S eibacrou Tu^uoise Blue B (C&aJ, Ohaion Blaefe BGL (Ciba), Or^QiBlack 

30 BR© (Ciba), Orasol Blade EBE (Ofea), Aeetamiiie Blae, CBS (E I du Boat de Hereon mi 
Company, tea, Wiimmgton, DE), Gfoeem Scatlfet N Ex (du Pont) (27290), Fiber Black W 
(OnPcmt) (3Q23 5). iMM Fast B Sack L (0uPoi# (Sofe Black 17), Wmmm Base No, 424 
(DuPont) (50415 B) s Oil Biaek BG (RuFont) (So 
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Smrm Bask Black DSC (Dye Specialty Hso^leae Black 

(Dye Specialties, inc.), Azosol BrlUMt Biue 8 {GAF, Dyestuf? and Cli^mi^J Dmsfeit, Wayne, 
N J) (Bote, Btee 9|, Asosol Brilliant GremBA .( pAFj (Safe Green 2), : AaEpsol Fast Brilliant Red 
B (GAF) ? Azosol Fast 0M)§e RA €o&c, |(5AF) ^Sbfv, Grange 29), ABOSolFast Yeilow GRA 
Cone. {OAF} 03$X> A), Baste Black K»A f(3AF}, Bensofjx Blaelc £W»CF (GAF) (35435), 
^lBtBMBMF¥ Ex Soiufefe CF (GAF) (Disp; Black 9), Ceiliton Fast Bias AF Ex Ccm (OAF) 
(Disp.Blue ^), Gyper Bkck IA (GAF) (SasM^^^ 

§m% mmmmi Black EAH Hi Con; CF {GAF} (15710), Qmrnond Black PBBA Ex (GAF) 
( 16505); Direct Deep Black EA Ex CF (GAF) (30235), Hansa YelbwG (GAF) (1 1680); 
indamfiu^ Po w& (GAF) ( S ^SSO), fe^ocarbon GLGS Cone. GF (GAF) (53295), 

Katigcn DMp BJack NND Hi Com, GF (GAF) 0 5? 1 1 ), RapidogM Black 3 0 (GAF) (Azoic 
Blk,4^Sii!pta^ Ex Cone, (GAF) 

(30013)^^ (TteShe^ 

11 (CoiiimKan Carbon Compaq Atlanta, 0 A), (e&rbim bfeck aggregates with a particle 
si^ of abeut 25 jim), Siaiex B~ 1 2 (Coluinbiaxi CarboiiCo.) (a fenace Mack of 334TO average 
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Partides may also InducSe laked, or pigments, L^cd pigments are j 
kw a ^ pmcipltatsd on them or which am stated. Lakes ar£ metal Mis of readily Mhibfe 
anionic dyes, Tbese are dyesrof 

20 or more sdphooic or carfeo&yile acid groupings. They are usually preci pitated by a cafclum , 
hMum m AMmm Mi onto a rtstrafc lyp&ai examples axe peacock Mue lake (Ci Fignie^ 
Blue 24) and Persian orange (lake of" CI Acid Orange 7) v Black ■ M Toner (GAF) (a m&ture of 
carbon bkek md Mack dye precipitated on & Jake). 

A dark pariMe of the dyed type may be somiructsd Mm any ligM absorbing material, 

25 stiefa as carbon black, or morgasitc black material. The dark material may also be sejeeiiycly 
absorbing. Far example, a dark pmn pignut may fee used. Bt s£k paiticjes may also be formed 
% staining iaiiess with ^etal oxides, such latex copolymer s cornicing of any of tetadixm^, 
styren^ isop^ne, ^tMypc acid, me&yl methacrylafe, aeryfon&rfc vinyl chloride* acrylfe 
add, sodium styrene M*lionatc v viiiyi asetat^ cM 

3a dimeihyiam i» meihacrylate and 

(isofeutox^ 

diacrylate, trkeryla% tiimethaeryfate, Black particles may also be formed 

% a dispersion polymerization teeteiques 
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In tltesyst^ 

muitipie domaisis within the ele^trop&reiie particle* or be aggregates of stnalier 
pign^^ypoiymex eanibmed p^ttcies. Mematiy^tyv a ee^r^ ^igm^t cam may be sur*mtnded 
by a polymer shell The pigment, polyn^r , dir both mil coalai n a dye . The optical jsiiipose of tte 
5 p&rticie may he to scatter light, absorb light, or both, UseM sizes n^y range I nm np to 
about ! 00 pm 5 as Mag as the pricte m smaller thai* the bonding eapsule> In a preferred 
embodiment* the density of the eteetrophoretie paitfsle may he substantially matted to that of 
the suspending e 1 eetropf^retie} And. As defined herein a sheading fluid has a density 
that is * ^ibstanti&lly m&tetied*' to the density of the particle if the dififereiice in their respective 

m dmm^mM between abotit »o mi aboift w g/ml This dii&rmce' preferably between about 
^ero arid about 0> 5 g/mt 

Useful polymers for the particles include, but are not Unified to: polystyrene, 
polyethylene, ^ Du Posit IJva^ 

c^oiymers), ^]yesters v p^ 

15 m& copolymers (Niierel Ressins - DuFoM, Mmaeor Bested copolymers 
and texpolyiBers (Elvaoite Resins, D^Pout) and PMMA, tlse&l materials for hoxnopdynier / 
pigment phase separation in high shear melt inelnde^ hm are not limited to, p0iyd%tene ? 
poiyp^pyleiie, poiymelliyimethaor yiafe pdlyiMbntyimeihaei^tefe poi ystyretie, polyb^tadie^e, 
poiyisepn^e, poi^^ meteFytate, pol wearyl metfeaeryiate, pot y&ohomyl 

20 methacrylate, poIy44>ntyl: n^thaciryiate, polyethyl methaeryhue, polymethyl aery! ate, polyefeyl 
acrykt^ y polyaeryf omMe, add eopoiymets of two or more of these ma*£mi$< %&m useful 
pi|merst/poIymer complex that ai s cortimerciail^ avai lab h inelude, hut are not 1 i uiited to, 
Process Magenta PM 1776 (Magti?der Cofe Compaq NJ% Methyl Violet PMA 

VM6223 (Magruder Color Company, Inc^ jElizabeth, HJ). arid Maphthoi FOE M6257 

25 (Magruder Color Comply, lm, Elizabeth, NJ)< 

The pigmem^p0iymer compose may he fommd by a physical process, (e.g. : attrition or 
Ml milling)* a chemical ^ocmp^ microeiicaf suiatbn or dispembtipalym 
other pmcess loiowB From the following noji-ljmiting 

examples, ft may foe seep that the processes and matedsis &r feoth the &forieation of parities and 

'30 the charging thereof are genera!^ 
d^elopmsni 
Mi exclusively, relevant. 

New and imM eketrophDretie particles may still fee discovered, biit a ^nmfeer of 
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j&utMes already lotsoev^iS -to" ■tfew^^/^9t«?*i ; " : iiei rtiSase ■ set of eleetrophoretk ''idj^pia^i -a<i^-'lls|a^ : ton<»r3S' 
<^ pt0\t§ ta^fiii Iti general, the polymer requirements for liquid t®«t$ and ene&pstdaiM 
efetropteetic inks are Mtetif ar ? lit tfeat the p%raer&t or dye tmift fe easily incorporated therein, 
either by a physical ehemi&&iv0rpHysieoche stability, and 

5 may coniam <Mmgmg sites or may fee able to mesrporate materials which contain <$m$ tag sites. 
Qm ge&emi r^ufteme&t not shared by meap$nlate4 

dgctr^horeiie inks is that the toner xiiust be capable of ^fixing"- the image, heat feismg 
together^ particles. 

lypka! manofectortng technkpes for particles ar£ ctawti &om the liquid temer and other 

m arts and include ball millings attrition^ jet n>iUing> gfe. The process mil be illustrated for the case 
o f a pigmented polymeric panicle. In such a ease the pigment is aotftporaded in the polymer, 
usually in some kind of 'high- shear mechanism such as a screw extruder, 'ffie compasiie mateiiai 
is thenfw*^ urn, ..ft is then dispersed in a earner 

liquid, for example (Exxon, Honston, TX)^ optionally mtH some charge control 

15 agettf (s}> and milled oader high shear for several hours down m a final partieJe size andfer si^e 
distribution, 

Mother manulaettmng tecSmique for partMes drsr^n from the ligmd toner field is to add 
the poiymer, pigment, atid suspending iluid to a media mill The mill is Marled and 
&muStaneo**siy heatei to tcmperatw at which the polymer swells mfcmmMly with the sol vent;. 
20 This temperature k typically near 10C) O C; In this state, the pigment is 

the swollen flymen After a suitable dmeaypica! h a few hours, the mill is gradually cooled 
temperate while s&ring. The trnffiag may be continued for some time to 
I erinngh patticle stee, typically a few micrdm M diameter. The charging agems 
>% more mspmdmg Enid may be added, 
slymettotis^ 

ymmzatson precipitation, phase separation, solvent evaporatioa, 
emulsion poiyiBcri nation, or m# process which Mis nhder the 
general category of mkrnencapsuiation may he wed, A typical process of this type & a phase 
separation process wfeerem a dissolved polymeric materiai is precipitated out of solution onto a 
30 di^rsed pigment surface through sofent diludon, evaporation or a &ennai change. Qther 
processes include chemical mea&s for ^ with metal oxides 

or dyes. 
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B, Sus pending Fluid 
llwst&p^ 

te^ity, reft^ft^ A preferred $as|5^dmg feM has alow dielectric 

co&st^t (about ^ ohm^tn)* low viscosity (fess tfem 5 est), 

low toxicity mi en^ronMent&f impact, tow water solubility (less th&rx 3 0 ppm)^ high specific 
gravity (grater than 1 .51, ^ high boiling point (greater than 90°GJ V and a low refractive index 
(tess than 1.2), 

Hie choke of ^spending fluid msy fee based on concerns of Ghemkal meitne$$j cfemSty 
matching to the efeefephoreti^ particle, m chemical compatibility with both the dec^pteslio 
partiefe md feottndmg capsule. The viscosi ty of the fluid should he low ^fcen you want the 
particles m mom The refractive index of the suspending Md may also he sufestantialty 
matehed to that ofthe parlicies, As used herein, the refractive index of a suspending fjiiid 
substantially oiatched^ to that of a panicle if the difference between their respective reactive 
indices is between &bo# sere and about 0,3, and is ijrefemhfy betweeti ahoist 0.05 and #o^t 0,2. 

MditioBaily, the fl^id may he chosen to fee a poor solvent for some polymers, whieh k 
^varttaggous for xm in the fahrteatba of mieroparlieles because it increases the range of 
$K*£^eric materials useful m fabricating particles of polymers and pi gmefits . Organic solvents, 
such as halogenated organic sol venis, satiated linear or branched hydrocarbons* silicone oils, 
and low molecular weight haiogejveomaining polymers are some imM spending fluids, The 
^spending fitnd may comprise a single fluid. The 0uid m% howevex, <>ftea he a feted of more 
than one loid in order to mm its cfecmkai and physical properties . Funhewm the fluid may 
contain surface modifiers to modify the sur&ce energy or charge of the ^leetro^horetic particle 
w bounding capsule, Heaet^nts or solvents for the Microencapsulation proce^ f oil sotoble 
moaomex^ for example) can dm he contained in the suspendmg iliiid. 
can also foe added 

de, hni ^r 





1 (International Flavors & Ff ^granees, Inc., New York, MY); and aromatic 
hydmcarbom, such as, for example, tolnetxe and naphthalene, UseM halogenated organic 
solvents inohide, hot are tm limited to, teMfiuo^ tetraehloroethylene, 
trifli^mchloroethylene, 1 ,2^4richIorobei^ene, carbon tetrachloride. These materials have high 
densities, 0$eM hydrocarbons inehade, hut are not limited to, dodecane, tetradecane, the 
aliphatie hydrocarbons in the ls<)p^ series (Exxon, Houston, TX), Borp?# ( series of mmmi 
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this 

of the ^bove uaatenals 




prior to a capsule j 

membranes, nozzles, or 



p&raffituo jiqi^^ TK), and S#Kf rdr {Shell}, naphtha, aftd other 

petroleum solvents, The$e Ktia^rials tsstiajly h^ve ib^ d^tisities. Useful exaipples of silicone 
oils kdude, 'but are not limited to, aetamethyl cyslosilox&ie and higher mofecular ^igfet cyciie 
Steams, poly («tfayl ph§riyl $iloxane) ? Mxam^yidisiio^atie, m& p«)lydir^etfeyteilo^3M. 
5 Th&m mM^rMs usually have km densities. Useful low molecular wsi ght hslogea-caniaining 
polyiBers inetede, but are not limited to, polyCchioro^fi^ polymer (l^oge^ated 

hydrocarbon Inc.* Mvzt W)y Qsdden^ fa perfluorimtM etlier from Axmtmm, Men&town* 
MJ| or Kxpo^ &om BtiPont (WiMington, DEJ, In a] 

SG polymer has a degree of p0iymenzation fom about 2 to about 10. 
are avail^bfe io a range ofYiscosin^d^^ 

The fliiid must be eapabfe of being formed into small ;< 
formed, Processes for ibrrxiug small droplets include tkvM! 
orifices, as well as shear-teed emufeifying themes, The formation of small drops may be 
15 assisted by electrical or sonic fmlds. SiiifetsBts and polymers can be used to aid in the 

■lets in the case of an emulsion type encapsulation. A 
use m cftsplays ot the invention is sodium dx>d^ey!sulfate. 
It cm be advantageous In some displays fer tbe suspnding fluid to eon^iB an optieaily 
must he soluble in the fluid, but will generally be imelubte in the other 
There is iriueh flexibility m the choice of dye material . Tlie dye can 
be a pure eompotiM, or blend achieve a particular e^ter, including black. The dyes 

cart be iiiorescent, whkk would produce a display in wlii^ depend 
on porft&tx af the psxttici^s, Tte dyes mn be phptoactJ m* « 
bec^mmg cofertes upon irradiation with eit&r visibfc or uftfevfeiet j 
m mmm for ofet^mng m optka! r^ponse, Dyes could also ! 
afeso?!^ 

Tte^^ May dygs that earths ^ 
Frpp^rties impo^^ solubility m 1 

sosi These are generally from the class of a&i?, wttoaquincme, ; 
30 arsd may be eheittieally modified so m to increase the soltsMli ty in die oil |> 
adsorption by the partiele ^rfec^, 

■A number of dyes already known to those skilled m the art of eleotfophoretie displays 
will prove useful OseiUl aso dyes iBeiud^ to: -the Oil Red dyes* and the 





Mather color or 




asolid 




feg liquid, color, and 



wommm 



Sudan Red aA 

limited the Gil Blue dyes* mdim MmrQlmBlM^smm of dyes, tlseM tripheft^ 
dyes include, but are apt limited to, Michier's hydtoJ^ Malachite Grem, Crystal Vldlet, and 
Auxamiue O, 

C Shame Control Age nts and Fartig je Stabilisers 

Charge control agents are used to provide good electrophorede Ability to the 
ekctxoptoetie par&Ies. StaMizers^ 

partieSes, as weil as prevent the eiectrophwti^ particles torn irreversifely depsiling onto the 
capsule wall, M&er component cm be conslnic^d from intends across a wide range of 
molecular weights (low mo iemlar weight, ohgomerie, or pol ymeno;), md may he pura or a 
mixture, in particular, suitable charge control a|ems are gen^ 
art The charge control agent used 10 modify 

allied ^ generally known m the arts of liquid toners, electrophoretic displays, n$?^aqo£sm 
paint disperMons, a^d engS w-oil additives. In ail of these arts, charging species rmy &c added to 
nofi-aquco&s media m order to S«rease eleotroph^retio mobility or increase ekctrostatsc 
stafoJiSzation. The »ieriafe cm improve mmc stabilization as we!L DiilereM theories of 
^ i ion adsorption, proton transfer, and contact 




M: optional charge control agent or charge dlrectormay he used. These conMii«Bt$ 
typically cox^st of \m molecular weight surfectams v polymeric agents, ot Wmds of we or more 
components and m rve to stafeilfee or otherwise modify the sign and/or mag^Mde of the charge 
on the eleetrophor etie particles. The charging property ^ 

&rbyta^ surface pr^ charging 

sites may take place mi the earner mm surface (if pi^sent), or a eomhina^aa of the two, 
Mditbnai pigment propcrnoii which may he relevant are the particle ize distribu? ion, the 
chemical coiBposition v and the lightfastness. The change eoqtml $geq.t used to modify and/or 
staMli&e the panicle surface charge is applied as generaUy fee wn in the arts of liquid t®wm* 
electrophoretic dismays, ^^aqueons paint dispersions, and engme-oi! additives. In all of these 
arts, charging species may fee added to mxmq mms media in order to increase eketrophoretie 
mobility or kerease electrostatic stabil&af k$u The materials tm improve stmc stabiifeatioij as 
mlh MBxm&ihmzm of charing are postals 
tram&rv and contact ekoMficatiaa, 

Ch^ge adpvanis may also be added. These materials increase the ef&ciiveness M the 



charge control agents or sKstrge $in^&r& fbe ch&rgg adjuvant may he a polyhydroxy compound 
or a& amino&lenhol eon^otind, which are preferably soluble ill th^ mispeBding fluid in an mrnmm 
of at least 3% fey weight Examples of palyhydmy eompotods which comain at least two 
hydtoxyl groups Include, fern: itre not limited to, cihyta* glycol, 2,4*7,9-tetr^ 

S diol> polyCpropyle&s glycol), p^t&effiyl^ glwol trbthyfon^ gi yeol 

giyceroi pentaerytlsrnoi* glycerol lris(i2-!iydmxyst«ar^i propylene glyee^i 
iMB^tjdmxwtear^^ sthy Uzm glycol im>0o!iydioxysieanne, Examples of amiBoaicofeoI 
compounds which contain m feast one alcohol ftmtion and one amine %m<mm m the same 
molecule include* but are not limited 3~ 

10 aminos l-propaaoL 0-ammdpherj6i>.5^aM^ 

diamine, The charge adjuvant is preferably present in the suspending fluid in an amount of about 
1 to about I W mg/g of the pardiele ib&ss, and mare preferably about 50 to ^boiit 200 mg%> 

The surfeoe of iie pasticle may also be chemically modified tc aid dispersion, to improve 
surfeee efege, and to improve the stability of ike dispersioti r for exampie. Surface modifiers 

i 5 include orpmc dlo^e^, organohalogen Planes and other Emotional silane coupling agents 
{Dow Comixtg^ M .f 24, and 3 additive, Midland, M); or g&jie litatxate^ a^d sirconatgs 

(f^r^ T^ agents, such as 

long chain (G12 to C50) aikyl and alky! ben^rse sulphonic acids, falty amiBes or dimiines smd 
their salts or qusrtenwy derivatives; Md aMphipatBic polyniers which can be eovale^tly tended 

20 to the part ids surfeee. 

In general, it is believed that charging results as an aeid-hase reactioii between some 
moiety present m and the partiefc surface. Thus useM materials are those 

which axe capable of participating ixi sucli a reaction, or any other charging reaction as known m 
the art. 

25 Different non4smhing classes o f charge eontml agents vMch are useful include orpnle 

sulfates ar sulfonates, metal soaps v bioek m comb copolymer^ o*#nlc amides, otgmdo 
zwitterion^ and organic phosphates and phosphonates. Useful organic soi&es arai sulfonates 
meiude, 1>W &re wt limited to, sodium bte(3-e%! hmyl } mMm^mm^, c^cium dodecyl 
ben^en^ sulfeoBte, calcium petrofeum siilfe^ate, neutral or bamc bar^ 

30 sulfonate, neutral M b^ic c&Iaum di^yS^aphtl^^e sulfonate, dod^eylhen^ixe^lfeutc acid 
sodhmi salt, md mmmsmm imryl Mphax&, Useful metal soaps Mettide, but are not limited to, 
basie or mmxsl Mmm petronate, calcto and Fe~ salts 

of &aphthenic add, Ba-% Al~* 2n-, Cu- Pb-, ; and Fe- salts of stearic acid, divalent and tri valeM 
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metal e&rboxy latest such as aluaiioum trf stearate, aluminum oetanoate, lithium HepiMoate, iron 
ste&rate, Iron ■4W&&ts&$, fear mm st^ate, ^romitim sie^^ 

stea£St€* mm naphtli^nate, md zme mpMikm&w, Mb- and Zn- heptanoate, and Ba~< Go** 
Mn-,, and Zn- oetaBdate, tlsefii! block or comb copolymers inelude, but are not limited to, AM 
5 dtfelodc 

witte melhy l^toliieii^suifbnate and (B) metfaacryiaks, and comb graft 

C0pQjym£ts with ml salable tails of poly {12^ydro&yst^ie add) and having a molesidar weight 
of about 1800, pendant mm oB-$ote|>fe^ehor group of poiy (pethyi meti)sery!TO-met}iacrylic 
acid). Useful organic arhides tehide* but are not limited to s pol visobtrtykne suceimmides $ueh 

10 m QLO A 371 and ! 2Q^^^ 

bw are »t limited m> lecithin* IteeiM organic phosphates and phosphonatt^ include, hut are not 
limited to. tbe so^imB salts of phosj>hai:ed mono- and di-gf ycer ides witli satiated and 
i^iixitaied MM siibstituants, 

P&rtiefe dispetsipo stabilize may be ad<kd ^prevent particle IfecaOatioa or a^chment 

15 to the eapiife mils. For the typicid high resist ivity liq&ids used as suspending fluids in 

«iectr^pli<m^« displays, tKmaquccais stitf actaitts may be used. These infei^ f but noi limited 
to* glycol ethers, a<:etylenic glycols, alkano to 

D. E&capsalaEion 

20 T%ere is a long and ■ -rich- history to encapsulation, with MiMetous processes arid polymers 

baving proven useiM m creating capsules. Encapsulation of the internal phase may be 
^omplished in a number of diB&rent ways. Numerous suitable procedures for 
Microencapsulation axe detailed in both Micrmncap^ulMmn, PmmMesmdAppli^mm^il. E. 
Y&ndegaet, ed.), PlemiinPre^^ 

25 Mircrmnc^ulMm Techniques* Nuyes Bata Gorp,, Park Ridge, : RJ,- (If 76). The processes Ml 
into seveml general c 

polymerization, in situ polymerisation, physical pmcesses, snch m eoexlrnsion and other phase 
sepafation processes, m-ik^uidcum 

Numemus materials and processes should pmv§ nseM in fonnulating displays of the 
M present inve&iion. Useful materials lor simple eoacerxration p^ Mi are not 

limited to, gdatin, ^ md ceSMosie deri vative^ stich as, Ibr 

example, t^boxymethylcellulose, Useful materials for complex eoaccrvatios processes mehsde, 
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but are not limited to > gektm* aeacb, carageenaa r carhoxymeihyleellulose, hydmlyzed stwefte 
wt^%S de copdljiners, agar, aigi nate* cassfe* albumfe methyl vinyl eih^r co-mahk anhy dride, 
md cellulose pfathalatCv Useful mateoats fer phase £$patao^pmces$es rnclude* hut are not 
limited to 5 poi^stirotj ^ PMMA ? poiyeihyl B^^crylate^ poiyhutyl meiteryl^ta, ethyl cellulose, 
5 polyvinyl pyridine* and poly aerytenitrile, Useful matenak fer 

inctede y hut with aldehydes, msltmsine, or usea M& 

foOTal^liyde; water-soluble oligomers of the condensate o^ and 
formaldehyde; and vihyl monomer^ snek as* tor exmnpSte slyrene* MMA and aciylonHrile. 
Finally, useful materials fbr lntef^la! paljm^n^aiion processes induce, btJt ai^ not limited to } 
10 diaeyi ehl prides, such &r example, sebacoyi adipoyi, and di- or poly- amines or alcohols, 
and i$ooyanate$. U se&l ejn^ision pol ^nerisation materials include but are not limited to, 
styrene, vmyi acetate, acrylic acid; My | acryiaie, t -butyl acrylate, methyl methaeryiate, and 
hmfi metliacrylate, 

Gap$nk$ produced may be dispersed into a curable courier, resulting in an ink which may 
15 be printed or coated on large and atbhr&riSy shaped or curved surfaces using eonvemmnal 
printing and coating teetmiqnes. 

In the context of the present invenliotv one skilled in the art will select an encapsulation 
procedure and wa!l material teed on the desired capsule properties. These properties include 
lbs distdfetitbn of eapsute radii; elcetricaL xnechanieaL diffusioii, and optical properties of the 
20 capsnfe wall; and chctnical compalbUlty with internal phase of the capsule 

The capsule wall genemlly has a high eiec^ resistivity. Although it is p0ssihfe to use 
-low i^sisivities, this may Ito relatively lugger 

fcte pnwder is to foe dispersed In a curable pol yrnenc Mt 
25 strejigth is not as critical}* The capsule v^ll should generally not be porons, It; howwt- it m 
desired to ts^^ 

in a post-processmg mp , a second encapsidalion). Moreover, if the capsules are to be 
dispersed M * enable bindfcthe feinder will serve to close the pores. The capsule walls should 
be optically dear, lie wall material may, however^ fee chosen to match the reftaetiya tud^K of 
30 the InteroM phase of the capsule the suspending fluid) or a bteder M which the capsnle$ ar e 
to he dispersed. For some applications fe g; , iBterposltiOB better* mo fixed electrodes^ 
inanodisp^ed capsule radii are desirable. 
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An encapsulation procedure waives a paly^n^afeo feetweejj mm md MmMthy^ m 
m aqtiedns phase of an oil/water emulsion m th$ presence of a negatively ^rged/caii^xyl- 
s^gtituiea, linear l^dmearfeDn p^iy$S:e0imi5 : te mM^ria!, The rssiikfog capate wall is a 
^sa/fen^ald^Siyde copol^e?, whipfe discretely emdoses the internal phase. The capsule is 
5 clear, mec&affieally strong, and ha^ good tesfeii vitv puberties. 

The related te#uique ofm Mm pd^xmnTM Ion vmUzmm m ih?sm emulsion, which M 
■pn^^ ^^^xig &e electrophoretie composite 

suspension of the pigment particles) in an laqjucs&m- environment The monomers polymerize to 
form a polymer with h^ the aque&ixs phase, thus 

Kl condensing arou^ In one especially xmM in ^ ^tpi^i^ujis 

presses, urea and &>rmaMehyde condense m the |?r^ej^e of po|y(3crv{lc aeld) (Sec, ^ ^ ? 
Patent No, 4,00 KI40). In other useful process, My of a variety t*f em^ 

aqueous solution Is deposited around mkroseopk m\ droplets. Such cross-linking agents mclude 
aldehydes, esped#y ibm^hydc, glyoxaL or giutamjd^hyde; alum; sternum salts; 
15 isocyanates; The entke discfesures of the 4,00 K 140 and 4,273$72 patents are hereby 
incorporated hy reference herein. 



The coaeervaiioxs approach also utilizes an ud/wafcer emulsion. 0» or mo^ colloids axe 
mmm>m&iig, * apiotiierated) out of the aqueous phase and deposited as shells around the oily 
droplets ihn>ugh control of temperaiure, pH and/or relative eonce&tratio&Sy ihereoy creating the 
m microcapsule, K#tenafe pitah|s lor coacervation i peinde gelatins and gum arabic 

the mter&cial poiyn^eri^tion approach rdles »thc presence of an Oil-soiiiMe monomer 
in the eleetmphoretic composition, which once again is present as an enmision in m aqueous 
phase. The monomers in the mim^e hydrophobic dmpleis react with a monorner introduced it$o 
fee aqueous phase, polymerizing at the mterfere between the droplets and the surroondlng 
25 aqueous medium and forming she&s aroond the droplets. Although the residti^g walfe are 
relatively thin and may fee permeaMe. this process does not require the elevated lemperat&res 
characteristic of som£ other processes, md there! ore affords greater ifexiMMty m imm of 
choosing the diotetric liquid; 

Coating aids can M used to improve the udifermity and quality of the coated or printed 
30 eledrophoretic ink material. Wetting agems are typically add^d to adjust the kier&eial tension 
at the eoatfeg/^ SiquidMr sur&ce tension W^ttin| agents 

include, but axe^^u^ mm catioiiie s#factaxit% mi nemonie speeies v sneh as 
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:5ii^^;iOr : : B^cp)t^^r based materiafe, Disp^iiqig-ag^ts::*^ be used to modify ths 
mterlkM tensicm betwe^^^ fioecutetion «<I 

partiefe settiiBg, 

Surfed temio^ modifiers can be add&d to &| mi ths mfmk teri^&t! ten&km, 
5 Fjilysiipxmes are typically used in such an application to improve surface ievding white 
minimMng other defects within ^ o«iiig. Suri&Cs tenskm modifiers include, bnt are not 
limited to* BmmmM m£mm&, such as, for example, the Z^yP serte$ from DtsFoot 
(Wi IMnpm, DE), tfee Fluamd^ series from 3M (St Paul MM), and the Suoroa&yl series from 

10 (Danhurjy CT) ; and poiyetfeoxy md poiypropoxy al eofeols, Antifoams, such ..as si! imm and 

mlimm-f^mpol^m^m materials? niay he added to chance the movement of air;1l4m : >^tbm the 
ink to the surface and to faeilhate the rapture of hubbies at the coating surface. Other useful 
amifbams inetode s hm im not limited t% glyceryl esters, polyhydrie alcohols, compounded 
antifoaxns, such m oil so!utioi>s o f alfcyt bcn^mes, natnmi im, toy acids, and n^tajiie soaps, 

silica. StaMhms such as tiV-absate 

Other additives to control properties like coating viscosity and fearing em also he used 
m the ^oaimg Said; StaM&ets (UVsibsorhers, antioxidants) and other additives whte& conhi 
20 prove siseftil iii p&etk&l materials ■ 
& Binder Material 

The hinder is used as a ntm^«ducttog^ adhesive medium supporting and protecting the 
cpsuies, as well as bbd&g the efe^twi^ matermi s to the eap$ufc dispersion. Binders are 
availahfc in many fbrtm md chemical typm, Among these mt wate^soinble polytn^s, water- 
25 borne polymers, oil-sohMe pdy a^rs; therrno^ei ami ttetmoplastic polymers^ 
eiired poiym^is, 

Among the water-sotefele polymers are the various polysaccharides, the polyvinyl 

«o^^^ 

Garhid^, DMihury, CXi and po!y-2'hydroxyethyfecryiate. 
30 T^he watcr-iiispersed or wter-bome systems are gep&rahy latex compositions, typified by 

the Nearer* and NeocryP reste (Eerje^a Resins, Wilrmxsgion* MA), Aerysol^ plohin md Haas, 
PWIadeiphla,; FA), BayhychoP (Bayer, Pittsburgh, PA), and the C2ytec Industries (West Peterson, 
NJJ 'HP iffiB* These are generally iarices of poiyurethanss, occasionally ednipoiinded with one or 



more of the acrylic^ polyester^ poiycasbonates or siliq^nes^ ^adi teiidifig the fmai eared resin is 
a specific set of prbpertie^ &fijied by glass transition temperature^ degree of *%*cfc^ softness, 
clarity, SexMlity, wafer permeability md s&WvM re$ista&ee 5 elongation modidns aiid tensile 
strength, thernKJpi&stte flow, md solids level Sorne watei^bom^ systems can be mked i^th 
5 -rb^vc^ cataiy^d to &mx mom complex re&ns. Some can be ftjxtfcs^r cross- 

linked By the use of a erosslMklrag reagent, such as an azaidiae y for ex&npfc* whkih reacts wife 
casta yl groups. 

A typical appl teation of a water-borne resin and aqueous capsules Miows, A yoltrme of 
partkfe is centr&ged at to w speed to separate excess water . A tor a given ceritrifogatien 
10 process, for exmnple 1 0 minutes at 60 x (j< the capuies are f build at the bottom of the centrifuge 
fttbey while the water port^^^^ The water poriioir^ 

or pipetting). The mass oi^fe^ 

that the mass of resin is between one eighth and one tenth of the weigfet of the capsuled This 
mixture is gendy mixed cm an oscillating mixer for ajppmximafely one h^If hour. After afcam 
15 0m half hour, the riibture is ready to be coated onto the appmpriaie substrate, 

The thermoset systems are exemplified by the famiiy of epoxies. ll^e fei^ry systems 
can vary greatly m viseosity r and 

mixture. If the pot 11^ capsules may fee coated in m 

ordered arrangement in a coating proem prior to the resin eisrtng and hardening- 
20 Thermoplastic polymers, which ^re often polye^e^ ar« molten at high ter^psraturm. A 

typical applieation of tiiis type of prad^^ A dispersion of beat-resfet^t 

capsules could he coated m such a medium , Jim solidification process begins during cooling* 
and tfe final hardness* el&nty and flexibility are affected fey the feianching md moleeulax weight 
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Oil or soive^soliibte polymers are often simile In composition to the v^ter%*me 
system, with tke odious e^eeptiori of the water itseif The latitude in foliation ibr sofy^nt 
systems Is Mormom, limited onSy by solvent choices and polymer sdinfcility. Of considerable 
coneejB m sol vent^basad systems m the viability of the capsule Itself ~ the integrity M the eapsnfe 
wall cannot be eoi^protms^d m any way by the solvent 

Radiation cure resins are generally Jfotmd among the ^ivent^hased systen^ Capsules 
may be dispersed lit such a medium and coaled, and the resin p^ny theit be cured by a timed 
exposure to a threshold level of ultraviolet radiation either long or short wavelengtit As mUl 
mm$ of cuimg polymer resins,, final properties at^ determined by the fet^chfeg aiid molecular 



weights of the mofto&te 

A dumber of "w^er^ducibte" xawomef $ m& oligomers are, however, marM^i* In the 
^i^test s^n^ they are not water solt&febol «ter m accqptable diiiie^t at low 
coB^entOTom and cm M M$pmmd r^lativaly easily : :: ^.5^^. : j»3£*lL«Pi&. Oncter % se drcumstmcm 
5 water is used to reduce tM viscosity (initially from ttetisatids to hundreds of feousmcfe 
eestipoise), Watsr^hsssd: o&psutav such ssihbsfc made frum a protein or palysacchand^ 
material, lor example* couJd b£ dispersed In such a me dium and coated, p^vMed the viscosity 
coufft^ lowered. Curing in such systems is -.generally by ytravibiet radiMosi. 

While the invenioB has been particularly shmm and described with refers 
W preferred emhodimeiits, it should fee utiderstood by those skilled in the m fe vmicm changes in 
form and deMI may fee made therein without departing from the spirit and scope of the mventian 
as defined by the appended eMms, 



CLAIMS 
What is claimed ."is: 

2 a| pr o vidiiig an organic semiconductor layer; 

3 b) depositing a ? eactive species on a jsortiori of the organic. semiconductor layer; ami 

4 e) reactmg the reactive species wit^to layer to form a diefegtric 
3 layer. 

I 2< The method of claim I wherein reacting comprises one of oxidizmg, r^emg or isomeri&ng, 

i 3: the method of claim 1 wteem the dielectric layer is a gate dielectric layer, 

1 4 The method of claim 3 vvherem step ^) ■ferQj:©*' -febiaa^ri^c^ the «ps of M 

2 electrode and &2) pro viding the revive species on ihe gate electrode, 

! 5. Ilie: : m«li3[M-0f c:lai;rb--I "wh^iii the reactive species Comprises one of a liquid*- a $oIi<i or & 

f 6. The method of eMm 1 wherein the dktectrie fever mtfopn^-M instdattag layer of a thin 

2 Mm itm$i$%QT< 

1 7,. The method of claim I wherein the semiconductor device b part of a mmM Br addressmg 

2 m electronic display ; 

1 8. A method of maniifecturitig a xemiemtfi mmr device compri^mg the steps of; 

2 a) providing an organic semkonduc tor 1 ay er; and 

3 1^: exposing a 

4 layer. 

i & The method of dahn 3 wherein the radiation is electro beam or eSectromagjietie radiation 

! 10. The method of claim 18 wherein the^ 

1 1 L A method <?f manulactuxing a transistor comprising the steps of : 

2 a) pmrkftng m organte sem^oriductor iayer acpeeM a gate electrode; 

3 b) providing an ei^^ electrode M an electrode of the 

4 ekctroehemicai cell: and 

5 : .e| applying a voltage to the. gaie ekett^'tO' ciq^ : & -efetrochemi^i - reaction, id : t&rttx si 
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6 gate di«k<itricl3et ween the gate electrode and the orgamc ^micomi^ctor layer, 

1 12, A mMm&®£pT&tmt^ 

2 a) p^viding a first organic layer; 

^ b) providing a harrier J&^er^ the fearrier layer is 

4- resistant to a sol wnt; and 

5 o) providing a soliiiion or a dispersion comgnsi^ the solvent and a Iayer*rmmg materia] 

$ adjacent to the list organic layer. 

1 i 3 /The method of claim 1 3 ^teeiri the Hot organic layer comprises one of a polymeric 

2 substrate, a semiconxtec^r, a dielectric, and a conductor. 

1 14, $fee method of claim 13 wherein the solution or the di spsrsion comprises an ink and &r£her 

2 comprising the step of: 

3 d) fernujig fern tte ink a Meted layer cdn#rfemg a scmieond actor, a eo ndueror, or a 

4 agastric, 

1 15, The method of 

2 £<m^$m$tiz step of 

3 dllMmng 

5 the fbmi^tio^ of the $emi^0n<J«cti>r layer. 

1 j6/I1i&meth^ s»ctare comprises om m more of 

2 large domains, domains Mth a p^^rred orientation, and domains with a ^r^ired; dlre^bii, 

I $% lite method of claim step (oJ m a patterning step, 

1 IS, The method of claim 13 wherein the harrier layer comprises 0ne of ^ hcoti mtrid« y silica* 

2 alumina, p0iy{meth)a^iates« poIy\ir«|imnes or polyvinyl alcohol 

i 19. The method of c laim 1 3 wherein the baniex layer cortiprises one of an msuistor, a 

■J semiconductor* or a conductor, 

\ method of 

;2 oftlie Smorgaiiie layer, 

1 21 a The method o f claim 13 wherein a thiefaess o f the barri er layer i$ in the range of I Oixm ito 

2 SCkm 
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1 22, The method of ekim 13 wh^rem step (b) ^^^ ^^^n^es depositing tfes batter layer by 

2 otte or more from a $&t mmpii^ing chem&al vapor deposition, lon^MIlmg, sputtering, gas- 

3 pte*^ 
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